Varicella-zoster virus (VZV) is a double-stranded DNA virus and a member of the herpesviridae family [Arvin, 2013] . Human beings are the only known hosts of this virus. VZV has an envelope with viral glycoproteins inserted in the membrane. Within the envelope, a tegument layer consisting of viral regulatory proteins surrounds an icosahedral nucleocapsid core that contains the linear double-stranded DNA genome [Arvin, 2013] . The VZV genome (125 kb) encodes 71 open reading frames (ORFs), approximately 44 of which are genes essential for viral replication and pathogenesis [Cohen, 2010; Zhang et al. 2010] . Primary infection with VZV results in the diffuse vesicular rash of varicella, or chickenpox. The incubation period usually ranges between 7-23 days, during which the virus spreads to the tonsils and other local lymphoid tissues, from Abstract: Varicella-zoster virus (VZV) infection causes two distinct clinical conditions. Primary varicella infection results in chickenpox, a contagious rash illness typically seen among children. VZV can reactivate years after the initial infection to cause herpes zoster (HZ) and lead to post-herpetic neuralgia, a common complication resulting in persistent pain that may last for years after the zoster rash resolves. A person's risk of having longer lasting and more severe pain associated with HZ increases with age. Since the introduction of VZV vaccines, the rates of infection, hospitalizations, and mortality have declined. In this review, we discuss in detail current VZV vaccines available for the prevention of VZV and HZ infections. Varilrix (GSK Biologicals, UK), Varivax (Merck, USA) and the combined measles, mumps, rubella, and varicella (MMRV) vaccine contain the live attenuated Oka strain of VZV for routine varicella vaccination. While Zostavax is the only HZ vaccine currently approved for use in the United States and the European Union [EMEA, 2011], a subunit vaccine candidate called HZ/su has recently shown improved efficacy for zoster prevention in two clinical trial phase III studies. VariZIG, a post-exposure prophylactic, uses zoster immune globulin to prevent VZV infection in those who have recently been in contact with VZV but lack evidence of varicella immunity and are contraindicated to receive the varicella vaccine. Further, we discuss the skin tropic and neurotropic factor VZV ORF7 gene and its involvement in varicella infection, reactivation and latency in ganglia. Ultimately, these studies can contribute to the development of a neuroattenuated vaccine candidate against varicella or a vector for delivery of other virus antigens.
where infected T-cells can transport the virus via the bloodstream to the skin [Ku et al. 2004] . The major route of transmission is airborne; however, transmissions via aerosols or direct contact with the blister fluid have also been reported [Zerboni et al. 2014] . Acute varicella infection is generally a mild disease and self-limiting compared with the more severe presentations found in adults and immunocompromised patients. VZV has the capacity to persist in the body after primary infection as a latent infection in sensory nerve ganglia. Reactivation of VZV causes herpes zoster (HZ), also known as zoster or shingles [Mahalingam et al. 1991; Zerboni et al. 2014] . When viral replication is reactivated, VZV reaches the skin via anterograde axonal transport to produce the symptoms of HZ [Gershon and Gershon, 2010] , characterized by pain and rashes involving one to three dermatomes [Ozaki et al. 1996] . Anyone who has been infected with VZV is at risk of developing HZ, although this is more prevalent in the elderly and immunocompromised individuals. Persons over the age of 50 years are at a higher risk for VZV reactivation and the incidence of HZ after age 60 is 8 to 10-fold higher than in those under 60 years old [Harnisch, 1984] . The decline of VZV-specific cell-mediated immunity (CMI) is the principal factor in the disruption of the dynamic containment process responsible for VZV latency within the sensory ganglion. VZVspecific CMI may limit reactivation of latent VZV in sensory neurons and prevent the development of HZ by inhibiting the spread of VZV infection from these neurons. VZV-specific CD4 + and CD8 + T-cells are both involved, but CD4 + T-cells appear predominant [Malavige et al. 2008; Steain et al. 2014] . Older adults and people with compromised or suppressed immune systems are more likely to have complications from HZ , including postherpetic neuralgia (PHN), ophthalmicus, bacterial superinfections, local muscle weakness, and scarring. The most common complication of HZ is PHN, a persistent, debilitating nerve pain in areas where the HZ skin lesions appear. This pain can last for months or even years after the episode of HZ, directly interfering with a patient's quality of life. A person's risk of developing PHN increases with age. In the central nervous system, manifestations of varicella range from aseptic meningitis to encephalitis. Encephalitis is an infrequent complication of varicella, but may lead to seizures and coma. Diffuse cerebral involvement is more common in adults than in children. Some studies suggest that exposure to varicella boosts a person's immunity to VZV and reduces the risk for VZV reactivation Leung et al. 2011; Yih et al. 2005 ]. In the United States, HZ rates are increasing among adults. This increase has been gradual over a long period of time. Despite concerns that routine childhood varicella vaccination could lead to an increase in HZ due to reduced opportunities for exposure to VZV [Brisson et al. 2002; Ferguson et al. 1996; Reynolds et al. 2008] , the current two-dose varicella vaccination program has lowered varicella incidence, outbreaks and hospitalizations in the US Leung et al. 2015b; Seward et al. 2002] .
Vaccines
Varicella is one of the leading causes of vaccinepreventable deaths in children [CDC, 1999] .
Routine childhood immunization has markedly reduced the incidence of varicella in the US [Marin et al. 2007 Schmid and Jumaan, 2010; Seward et al. 2008 ]. The varicella vaccination may provide protection against 85% of cases of chickenpox and 95% of cases of severe secondary infection [Vazquez et al. 2001 ]. Prior to 1995, nearly four million cases of chickenpox occurred each year in the US, resulting in 11,000 hospital admissions and 100 deaths [Galil et al. 2002] . However, the introduction of a universal vaccination in many countries such as Japan [Takahashi et al. 1974] , Korea [Sadzot-Delvaux et al. 2008] , and the US [Marin et al. 2007 ] has led to a dramatic reduction in the varicella incidence, its associated complications, hospitalizations, and fatality rate [Holmes, 1996] . There are two live, attenuated VZV-containing vaccines available for the prevention of varicella. Varivax (Merck, USA) , is a single-antigen varicella vaccine introduced in 1995 for use among healthy individuals 12 months of age and older [CDC, 1996] . A combination measles, mumps, rubella, and varicella vaccine (MMRV) was licensed in the US in 2005 for healthy children aged 12 months to 12 years [Marin et al. 2010] . The zoster vaccine, Zostavax, from the Shingles Prevention Study is a live, attenuated virus vaccine used in the prevention of HZ and PHN in individuals 50 years of age and older Lu et al. 2009; Oxman et al. 2005; Oxman and Levin, 2008] . In two recent randomized phase III trials, the HZ/su HZ vaccine candidate (GSK Biologicals, UK) showed improved, lasting efficacy in adults 50 years of age and older [Lal et al. 2015a [Lal et al. , 2015b . VariZIG is a zoster immune globulin (ZIG) recommended for immunocompromised patients, pregnant women, preterm infants, and neonates whose mothers have signs and symptoms of varicella around the time of delivery [Brunell et al. 1969; CDC, 2013] . Our group previously identified the unique VZV ORF7 to be both a skin tropic and neurotropic factor for efficient primary VZV infection. Currently, ORF7 is the only known gene required for viral spread in human neurons and its role could lead to the potential development of a neuroattenuated vaccine against HZ or a vector for delivery of other antigens [Zhang et al. , 2010 .
Varicella vaccines
Varivax and Varilrix Varivax (Merck, USA) is a live, attenuated varicella vaccine, derived from the Oka strain of VZV [Takahashi et al. 1974 ]. The vaccine was licensed for general use in Japan and Korea in 1988 [Sadzot-Delvaux et al. 2008; Takahashi et al. 1974] and licensed in the US in 1995 for persons 12 months of age and older. Varivax is administered by subcutaneous injection. Two routine doses of Varivax are recommended for children; the first dose at 12-15 months old and second dose at 4-6 years old. The second dose catch-up vaccination can be given three months after the first dose for children younger than 13 years of age. For adolescents and adults 13 years old and above, two doses should be administered 4-8 weeks apart [Marin et al. 2007] . The virus was attenuated by sequential passages in human embryonic lung cell culture, embryonic guinea pig fibroblasts, and in WI-38 human diploid cells [Takahashi et al. 1974 ]. The Oka/Merck vaccine has undergone further passage through MRC-5 human diploid cell cultures for a total of 31 passages. This reconstituted vaccine contains small amounts of sucrose, processed porcine gelatin, sodium chloride, monosodium L-glutamate, sodium diphosphate, potassium phosphate, potassium chloride, trace quantities of residual components of MRC-5 cells (DNA and protein), EDTA, neomycin, and fetal bovine serum. The vaccine is reconstituted with sterile water and contains no preservatives [Marin et al. 2007 ]. Another equally effective varicella vaccine is Varilrix (GSK Biologicals, UK). Both vaccines contain live attenuated VZV, which can reactivate and cause HZ [Brunell and Argaw, 2000; Cimolai et al. 2014; Civen et al. 2009; Gilden et al. 1983; Schmid and Jumaan, 2010] . However, children vaccinated against varicella appear to have a lower risk of HZ than people who were infected with wild-type VZV [Sadzot-Delvaux et al. 2008; Schmid and Jumaan, 2010] . This is because vaccinated children are less likely to become infected with wild-type VZV, and the risk of Oka/Merck strain VZV reactivation is lower than the risk of wild-type VZV reactivation. In a study of children with leukemia, those who received varicella vaccination had a 67% lower risk of developing HZ as compared with those who had natural infection with wild-type VZV [Hardy et al. 1991] . Healthy children vaccinated against varicella demonstrated a reduced risk of HZ than children infected with wild-type VZV [Weinmann et al. 2013 ]. In addition, studies have proven that the varicella vaccine is both well tolerated and efficacious, as 97% of children display detectable antibody titers 7-10 years after vaccination [Johnson et al. 1997; Seward et al., 2008] . Vaccine efficacy is estimated to be 70-90% effective against varicella infection, and 90-100% effective against moderate and severe disease [Krause and Klinman, 1995] .
Among healthy adolescents and adults 13 years of age and older, an average of 78% developed antibodies against VZV after one dose, and 99% developed antibodies after a second dose given 4-8 weeks later. Antibodies persisted for at least one year in 97% of vaccinated individuals who received the second dose 4-8 weeks after the first dose [Krause and Klinman, 1995] . In those with breakthrough varicella infection, most did not present with a fever [Krause and Klinman, 1995] . Recent investigations have identified the presence of asthma, use of steroids, and vaccination at an age younger than 15 months as risk factors for breakthrough varicella. Classification of varicella infection as breakthrough could be a result of several factors, including interference of vaccine virus replication by circulating antibodies, errors in storage or handling causing an impotent vaccine, and inaccurate record keeping. Interference from a live viral vaccine administered before the varicella vaccine could also reduce vaccine effectiveness [Marin et al. 2007] . A study of children in two health maintenance organizations during 1995-1999 found that children who received varicella vaccination <30 days after the measles-mumpsrubella (MMR) vaccination had a three-fold increased risk of breakthrough varicella as compared with those who received the varicella vaccine before, simultaneously with, or >30 days after the MMR vaccine [Lapphra and Scheifele, 2009 ].
Measles-mumps-rubella-varicella vaccine
In September 2005, the US Food and Drug Administration (FDA) licensed a combined live, attenuated MMRV vaccine (ProQuad, Merck, USA) for use in persons 12 months through 12 years of age. A 0.5 ml dose for subcutaneous or intramuscular injection is administered at 12-15 months of age and a second dose, if needed, is usually administered at 4-6 years of age [Marin et al. 2010] . A study showed support of the implementation of a two-dose MMRV vaccination to ensure optimal protection [Prymula et al. 2014 ]. The vaccine viruses in the MMRV vaccine are identical and of equal titer to those in the original MMR vaccine [Marin et al. 2010] . The titer of Oka/Merck however, is higher in the MMRV vaccine than in a singleantigen varicella vaccine such as Varivax or Varilrix, with a minimum of 9772 plaque-forming units (PFUs) versus 1350 PFUs, respectively. Each 0.5 ml dose contains small quantities of sucrose, hydrolyzed gelatin, sodium chloride, sorbitol, monosodium L-glutamate, sodium phosphate dibasic, human albumin, sodium bicarbonate, potassium phosphate monobasic, potassium chloride, potassium phosphate dibasic, residual components of MRC-5 cells (DNA and protein), neomycin, bovine calf serum, and other buffer and media ingredients. The vaccine is reconstituted with sterile water and contains no preservatives [Marin et al. 2010] . The efficacies and immunogenicities of the varicella and MMRV vaccines are comparable [Kuter et al. 2006; Leung et al. 2015a; Shinefield et al. 2005a Shinefield et al. , 2005b Vesikari et al. 2012 ]. In megaanalysis studies, the MMRV vaccine demonstrated well tolerated safety profiles, except for a higher incidence of fever (relative risks 1.12-1.60) and a measles/rubella-like rash (relative risks 1.44-1.45) in MMRV groups [Leung et al. 2015a; Ma et al. 2015a] . Some children who received the MMRV vaccine may have an increased risk of fever and febrile seizure 6-12 days after the first vaccine dose when the peak in replication of the live attenuated measles virus occurs [Barlow et al. 2001; Ma et al. 2015b; MacDonald et al. 2014 ]. This risk period has been defined variably in clinical and epidemiologic studies as 8-14 days, 7-12 days, or 5-12 days [Barlow et al. 2001; Jacobsen et al. 2009; Vestergaard et al. 2004 ]. However, febrile seizures are not common and have not been associated with any longterm problems [Klein et al. 2010; Rowhani-Rahbar et al. 2013 ]. The risk for febrile seizures in children during measles illness is in fact higher than the risk after either MMRV or MMR vaccination [Perry and Halsey, 2004] . In the 12-47 month age group, the Centers for Disease Control and Prevention recommends that the first dose be administered by separate injections of MMR vaccine and varicella vaccine, except in the case of patient preference for the MMRV vaccine or provider assessment of potential adverse events. For the second dose of MMRV vaccine in the 15 months to 12 years age group and for the first dose at age 48 months and older, the MMRV vaccine is generally preferred over separate injections of its equivalent component vaccines [Marin et al. 2010] . The use of the MMRV vaccine simplifies immunization delivery by providing protection against more diseases with one less injection. This improves timely vaccination coverage and reduces healthcare costs for additional health visits [Knuf et al. 2008; Marin et al. 2010] . However, administering the MMR and varicella vaccines separately avoids the increased risk for a febrile seizure after the first dose of MMRV vaccine [Barlow et al. 2001; Ma et al. 2015a; MacDonald et al. 2014] . Given the balance of risks, benefits and the importance of individual preferences, decisions should be made by caregivers and parents on a case-by-case basis.
Herpes zoster vaccines
Zostavax Zostavax (Merck, USA) is the only shingles vaccine currently used in persons 60 years of age and older who have no contraindications [CDC, 2011a; Oxman et al. 2005] . It is a lyophilized preparation containing at least a 14-fold greater titer of the same live attenuated Oka/Merck strain of VZV used in the varicella and MMRV vaccines. Zostavax is administered subcutaneously and each dose contains a minimum of 19,400 PFUs of VZV active ingredient, compared with the varicella vaccine which contains 1350 PFUs [CDC, 2011a; Oxman et al. 2005] . For people with a severe allergic reaction to particular vaccine components, other clinically relevant ingredients include hydrolyzed porcine gelatin, neomycin and residual DNA and protein from the MRC-5 human cell line. The vaccine is reconstituted with sterile water and contains no preservatives [CDC, 2011b; Oxman et al. 2005 ]. The US FDA approved Zostavax for persons aged 50 years and older based on a study showing that the vaccine decreased the risk of developing HZ by 69.8% (95% CI, 54.1-80.6%) in the age group of 50-59 years old over a mean follow-up time of 1.3 years [Merck and Co., 2011; Schmader et al. 2012a ]. However, the Advisory Committee on Immunization Practices (ACIP) recommends its use in adults aged 60 years and older [CDC, 2011b] . This is partially due to vaccine supply shortages from Merck and Co, Inc. [CDC, 2007] and the need for more data on short-and longterm vaccine efficacy, safety, and immunogenicity. As mentioned previously, the zoster vaccine administered to adults aged 50-59 years reduced the risk of developing HZ over a mean follow-up period of 1.3 years [Schmader et al. 2012a ]. In the subset of patients aged 60-69 years from the Shingles Prevention Study (SPS), the vaccine group had an efficacy of 51.3% (CI 44.2-57.6%) for prevention of HZ and 66.5% fewer PHN complications in recipients that developed HZ (CI 47.5-79.2%). In adults aged 70 years and older, efficacy decreased to 37.6% for HZ prevention and 66.8% fewer PHN complications over a three year period [Oxman et al. 2005] (Table 1) . Zostavax efficacy against HZ and PHN decreased with age and is contraindicated for immunocompromised persons [Langan et al. 2013; Oxman et al. 2005] . Moreover, the Short-Term Persistence Sub-Study (STPS) showed declining vaccine efficacies after 5 years postvaccination for HZ burden of illness (BOI) (61.1-50.1%), incidence of PHN (66.5-60.1%), and the incidence of HZ (51.3-39.6%) [Schmader et al. 2012b] .Vaccine persistence declined further in year 8 post-vaccination in the Long-Term Persistence Study (LTPS) [Morrison et al. 2015] . Although initial zoster vaccine efficacy was significant, Zostavax has a clinically relevant declining efficacy in reducing HZ incidence in post-vaccination years 3-11. [Cook and Flaherty, 2015; Morrison et al. 2015; Oxman et al. 2005; Oxman and Levin, 2008; Schmader et al. 2012b ].
HZ/su Vaccine
Recent results from studies on the HZ-adjuvanted subunit vaccine, HZ/su vaccine (ZOE-50, GSK Biologicals, UK), show its promise as a candidate for the prevention of HZ in adults aged 50 years and older [Lal et al. 2015a; Leroux-Roels et al. 2012] . ZOE-50 is a randomized, placebo-controlled, observer-blind, phase III study. The HZ/ su candidate vaccine is nonlive and combines glycoprotein E (gE), a VZV envelop protein, with an adjuvant system, AS01B, that enhances the immunological response to gE. Glycoprotein E plays a critical role in VZV replication and is the main target of VZV-specific CD4 + T-cell responses [Arvin and Abendroth, 2007; Moffat et al. 2007 ]. The VZV gE subunit consists of a truncated molecule lacking the anchor and carboxy-terminal tail domains, which is transfected into Chinese hamster ovary (CHO) cells (CHO-gE-2-9) [Haumont et al. 1996 ]. The AS01 adjuvant system contains QS-21 Stimulon (Agenus, Massachusetts, US), MPL (3-O-desacyl-4'-monophosphoryl lipid A) and liposomes [Lal et al. 2013; Leroux-Roels et al. 2012] . MPL and saponin QS-21 boost immune responses by activating Toll-like receptor 4 (TLR-4) and increasing antigen uptake and retention by dendritic cells [Coffman et al. 2010 ]. The HZ/su vaccine combines 50 μg recombinant VZV gE antigen with AS01B adjuvant (50 μg MPL and 50 μg QS-21), and is administered via two doses intramuscularly into the left deltoid area. Participants (n = 15,411) were stratified into age groups 50-59, 60-69, and ⩾70 years. The primary efficacy end point of ZOE-50 exhibited an overall vaccine efficacy of 97.2% in reducing the risk of HZ (95% CI, 93.7-99.0%) for all age groups from 50-70 years and over. Vaccine efficacy was calculated as one minus the ratio of the incidence of HZ in the HZ/su vaccine group to the incidence of HZ in the placebo group, multiplied by 100. During a mean follow up of 3.2 years, HZ incidence rates were 0.3 and 9.1 per 1000 person-years in the vaccine group and placebo group, respectively [Lal et al. 2015a ]. There were solicited or unsolicited reports of grade 3 symptoms in 17% of vaccine recipients and in 3.2% of placebo recipients [Lal et al. 2015a ]. The safety profile of HZ/su vaccine was tolerable and no severe adverse events were reported [Leroux-Roels et al. 2012] . Further safety and immunogenicity assessments up to six years post-vaccination in healthy older adults confirm that gE-specific cellular and humoral immune responses persisted [Chlibek et al. 2015] and that the two-dose regimen of HZ/su exhibits an acceptable safety profile for healthy young (10-30 years old) and older (50-69 years old) Japanese adults [Lal et al. 2013] . Unlike Zostavax, HZ/su is a recombinant adjuvanted vaccine and induces higher immunogenicity than a live attenuated VZV vaccine. The ZOE-50 study shows that HZ/su provides age-independent protection against HZ and that vaccine efficacy does not wane in older individuals. In comparison, Zostavax tends to lose efficacy as patients age and over time post-vaccination [Cook and Flaherty, 2015; Morrison et al. 2015; Oxman et al. 2005; Oxman and Levin, 2008; Schmader et al. 2012b ]. Previous studies have found that higher VZV cell mediated immunity (CMI) at HZ onset, as indicated by high vaccine-induced CD4 + T-cell responder frequency, was associated with reduced HZ severity and lower PHN incidence [Weinberg et al. 2009 ]. Two doses of the HZ/su vaccine induced stronger gE-and VZV-specific CD4 + T-cell and antibody responses than two doses of a live, attenuated Oka strain VZV vaccine. The addition of a second dose of the Oka strain VZV vaccine did not further boost immune responses elicited by the initial dose of HZ/su injection [Leroux-Roels et al. 2012] . The Zostavax vaccine is recommended for adults aged ⩾60 years; however, it is contraindicated for immunocompromised persons. The HZ/su vaccine efficacy is also being evaluated in adults aged ⩾70 years (ZOE-70) [Lal et al. 2015a ] and immunocompromised patients, including solid and hematological cancer patients, hematopoietic stem cell and renal transplant recipients and HIV-infected people [GSK, 2015] . Further evaluations of the HZ/su vaccine is necessary to ensure persistent efficacy in the prevention of PHN, HZ-associated morbidity, mortality, and hospitalizations. Long-term studies on vaccine safety and immunogenicity are also necessary in order for federal agencies to approve its future use in the general population.
Current research and applications

ORF7
During latency, VZV is found in ganglia but the mechanisms involved in the establishment of latency and varicella reactivation are still unknown. The current varicella vaccines are highly attenuated in the skin and may reactivate to damage sensory neurons [Ku et al. 2004; Mahalingam et al. 1991; Silver and Zhu, 2014] . VZV genome (125 kb) encodes 71 ORFs, including factors required for efficient invasion of and egress from specific tissues during the course of natural infection. Using a comprehensive library of whole-VZV genome deletion mutants, our laboratory identified ORF7 to be both a skin tropic and neurotropic factor [Selariu et al. 2012; Zhang et al. 2010] . The VZV ORF7 deletion mutant inhibited viral spread in human nervous tissue ex vivo and in an in vivo mouse model. Unlike the commonly used vaccine viral strain Oka, the ORF7 mutant is a pure and genetically defined strain lacking the ability to infect human skin and nervous tissue in vivo, thus meeting crucial safety and genetic stability criteria for a promising next-generation chickenpox vaccine. Using bacterial artificial chromosome engineering to generate recombinant ORF7 mutants is useful in studying viral replication, latency and pathogenesis [Selariu et al. 2012; Zhang et al. 2010] . While current varicella vaccines have been shown to significantly reduce the incidence rates of VZV infections, studies examining the impact of varicella vaccination have found conflicting results regarding trends in HZ incidence Jumaan et al. 2005; Yih et al. 2005] . Therefore, further understanding of VZV neurotropism and the role of ORF7 in neuropathogenesis could contribute to the development of a neuroattenuated vaccine against chickenpox or a vector for delivery of other antigens to inhibit VZV reactivation.
Varicella zoster immune globulin (VariZIG)
In March 2013, VariZIG (Cangene Corporation, Winnipeg, Canada) was licensed by the US FDA for postexposure prophylaxis of varicella for persons at high risk for severe disease who lack evidence of immunity to varicella and for whom the varicella vaccine is contraindicated [CDC, 2006] . VariZIG is a purified immune globulin preparation made from human plasma containing high levels of anti-VZV immunoglobulin G (IgG). It is the only varicella ZIG preparation currently available in the US [CDC, 2006] and is administered intramuscularly at a recommended dose of 125 IU/10 kg of body weight, up to a maximum dose of 625 IU. Studies have indicated that clinical varicella was prevented in susceptible, healthy children by administration of ZIG (prepared from patients recovering from HZ) within 72 hours of household exposure [Brunell et al. 1969] . ZIG also lowered attack rates and modified disease severity among susceptible immunocompromised children when administered within 72 hours after exposure [Brunell et al. 1972; Mona Marin et al. 2013] . VariZIG is now approved for administration as soon as possible following VZV exposure, ideally within 96 hours for greatest effectiveness [CDC, 2013] . The CDC recommends administration of VariZIG as soon as possible after exposure to the VZV and within 10 days. The ACIP also recommends receiving VariZIG by extending the period of eligibility for previously recommended premature infants exposed to VZV during the neonatal period. Because the immune systems of premature infants may be compromised, they are considered to be at high risk for severe varicella [Marin et al. 2007 ]. The decision to administer VariZIG depends on three factors:
(1) whether the patient lacks evidence of immunity to varicella, (2) whether the exposure is likely to result in infection, and (3) whether the patient is at a greater risk for varicella complications than the general population. For high-risk patients who have additional exposure to VZV for more than three weeks after initial VariZIG administration, another dose of VariZIG should be considered [CDC, 2013] . For pregnant women who lack evidence of immunity to varicella and are at an increased risk for developing a varicella infection if exposed to a contagious individual, the possibility of receiving VariZIG was discussed [Bapat and Koren, 2013] .
Summary
Currently, the commonly used varicella vaccines (Varilrix/Varivax and MMRV) and zoster vaccine (Zostavax) contain the live attenuated Oka strain of VZV as the vaccine active ingredient. Since the introduction of the Oka strain varicella vaccine, varicella incidence [Galil et al. 2002; Guris et al. 2008; Seward et al. 2008] , morbidity, mortality [Marin et al. 2011; Nguyen et al. 2005] and hospitalization rates [Davis et al. 2004; Shah et al. 2010; Zhou et al. 2005] have been reduced significantly.
Although the Oka vaccine virus is highly attenuated in the skin, it may reactivate to damage sensory neurons [Ku et al. 2004; Mahalingam et al. 1991; Silver and Zhu, 2014] . Vaccination of adults with the Oka varicella vaccine produces both antibody and CMI responses [Hayward et al. 1992] , and the vaccines maintain high antibody levels as a result of endogenous reactivation of the Oka vaccine virus [Krause and Klinman, 2000] . Following naturally acquired VZV infection, VZV-specific antibody and CMI responses continue to be re-boosted not only by reactivation of latent virus, but also exogenous re-exposure to VZV. Without the occasional exogenous VZV re-exposure, VZV-specific immune responses decline and VZV reactivation could lead to clinical manifestations of HZ [Hope-Simpson, 1965; Luyten et al. 2014] . Although more evidence is needed to support the exogenous-boosting hypothesis [Ogunjimi et al. 2013] , future studies on its long-term effect on HZ incidence may shed more light.
While current varicella vaccines have been shown to significantly reduce the incidence rates of VZV infections, studies examining the impact of varicella vaccination have found conflicting results regarding trends in HZ incidence Jumaan et al. 2005; Yih et al. 2005] . In a recent comprehensive review on the incidence of HZ, Kawai and colleagues examined 130 studies conducted in 26 countries during the pre-and post-varicella eras [Kawai et al. 2014] . Some studies reported no change in HZ incidence rates in the post vaccination era, while others reported an increase in HZ before the introduction of the varicella vaccine that continued into the post-vaccination era. There is no clear evidence however that these trends are the result of the varicella vaccine, as similar trends can be seen in countries in the absence of a national varicella vaccination program. We may have to wait a longer period of time to determine whether the varicella vaccination has an impact on HZ incidence.
For those who lack evidence of immunity to varicella after VZV exposure, VariZIG can be administered to reduce the risk of developing varicella infection. Unlike Zostavax, the new AS01adjuvanted zoster vaccine, HZ/su, consists of gE and appears to be a promising candidate with an age-independent efficacy for HZ prevention maintained across age groups, from 50-70 years and over. The US FDA, however, has not yet approved this vaccine and further assessment is needed to ensure its efficacy in preventing HZ in the general population.
Meanwhile, genetic analysis of VZV ORFs offers insights into viral invasion of and egress from specific tissues during the course of natural infection. ORF7 is currently the only identified skin tropic and neurotropic factor in the VZV genome. A greater understanding of VZV ORF7 skin tropism and neurotropism could contribute to the development of a neuroattenuated vaccine against chickenpox and a vaccine vector for delivery of other antigens. Chickenpox and shingles are public health concerns because of their potential for serious complications, such as PHN, that worsen with age and have a negative impact on quality of life and cost of care. This raises the need for future studies to understand the impact of the varicella vaccine on HZ incidence and the development of zoster vaccines that provides long-term efficacy, safety, and protection for adults of all ages, especially persons in immunocompromised conditions.
